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以显著抑制带有 DNPSia 的 B16F10 黑色素瘤细胞在小鼠体内的肺转移，且通过尾










































With the increasing cancer mortality, effective therapies against cancers are of 
high clinical value. Conventional therapies for cancers, such as radiation and 
chemotherapy, despite have initial responses, are limited by relapse and resistance in 
patients with advanced cancer after prolonged treatment. Tumor cells can change their 
surfaces to avoid immunological surveillance. As such, People tumor immunotherapy 
has been developed to redirect immunity against tumors. CAR-T cell therapy, have 
been actively explored for targeting tumor. Challenges remains with CAR-T cell 
because of its lengthy procedure and high cost, which limits its application. We herein 
report an alternative approach for tumor therapy via metabolically incorporated antigen 
to tumor cell surface. Cell surface sialic acids mediates immunological recognition. We 
propose a small molecular probe based immunotherapy via covalent incorporation of 
non-self immunogen into tumor glycocalyx with sialic acids derivative to 
triggerredirect immunity against tumors. This dissertation is consists of three chapters 
summarized as follows: 
Chapter 1, include a general introduction of the historical background of cancer 
immunotherapy, current studies of chimeric antibody receptor T cell immunotherapy, 
an introduction of properties and functions of sialic acid and the research progress of 
tumor associzted antigen was introduced. 
Chapter 2,described the use of DNPSia, a non-self immunogen tagged 
monosaccharide, to trigger immunity against tumors in mice. DNPSia is preferentially 
taken up by tumors and then metabolically incorporated into the cell surface, enabling 
marked suppression of pulmonary metastasis of DNPSia-bearing B16F10 melanoma cells 
and suppression of subcutaneous tumor formation by intravenously injected DNPSia in 
DNPKLH-immunized mice. Given the high levels of natural anti-DNP antibodies in 
humans, DNPSia on the outmost glycocalyx is well-positioned to recruit pre-existing 
antibodies and might offer a simplified immunotherapy in humans without recourse to 
















Chapter 3, described the efforts to coyalently introduce the rhamnose to cell 
surface via sialic acid metabolism to redirect immunity against tumors. Specifically, 
RhaSia was designed and synthesized, and its distribution in tumor cells was observed 
in vitro, the results was analyzed. 
In summary, given the high levels of natural antibodies in humans and ubiquitous 
sialylation across many cancers, this work offers a simplified route to redirect immunity 
against diverse tumors without recourse to preimmunization via a metabolically 
incorporated non-self antigen to tumor cell surface. 





















2012 年全球肿瘤流行病统计报告[1]，2012 年全球新增约 1410 万癌症新发病例，





































或其他疾病的能力的治疗方法[11]。1893 年，William B. Coley.医生发展了第一种
以细菌毒素为基础的癌症疫苗，其成功治疗了部分不能进行手术的癌症患者，这
引起了人们对癌症免疫治疗研究的兴趣。到了上世纪 80 年代，人们发现了多种















前的研究热点是通过基因工程的方法在 T 细胞表面表达嵌合抗原受体（Chimeric 
antigen receptor, CAR）或 T 细胞受体（T cell receptor, TCR），从而获得具有细
胞毒性的 T 细胞（CAR-T 或 TCR-T）识别机体肿瘤细胞介导免疫反应[15-17]。肿
瘤细胞表面的抗原可以以完整形式存在于肿瘤细胞的表面，或以不完整的抗原片
段形式存在，通常情况下，T 细胞不能识别其抗原信息，需要抗原呈递细胞对其
进行加工处理后呈递给 T 细胞才能识别（如图 2.1A）。完整抗原经蛋白酶作用
后降解成抗原片段，连接在主要组织相容复合体Ⅰ（Major histocompatibility 
















胞膜表面，细胞膜表面的递呈抗原被表达 TCR 的 T 细胞识别并介导免疫杀死（如
图 1.1B）。基因工程改造的 CAR T 细胞表面的嵌合抗原受体是由单链抗体的可





图 1.1 基因工程方法改造 T 细胞形成 CAR-T 细胞或 TCR-T 细胞使其识别肿瘤
表面抗原 
Fig 1.1 T cells engineered with chimeric antigen receptors or T cell receptors can 
recognize tumor surface antigen 
 
一般来说，T 细胞的激活依靠与抗原呈递细胞如树突状细胞（DC）的相互作
用（如图 A），而嵌合抗原受体（CAR）使得 T 细胞对肿瘤抗原的杀伤避免了抗
原呈递阶段以及 MHC 的限制性，使其杀伤活性得到最大化[19]。完整的 CAR-T
结构是由胞外配体识区、跨膜链接区和胞内信号区所组成。细胞外的单链可变片
段（scFv）用以识别细胞表面抗原抗体，并通过跨膜链接区促进抗原受体与抗原
的结合和固定 CAR 结构。细胞内的信号区则用以完全激活 T 细胞功能，其中第
一信号为特异性信号，由 CD3ζ序列提供，第二信号为协同刺激信号，通过
CD28/B7 等共刺激分子，促进 IL-2 的合成，当两个信号同时被激活，CAR-T 细
胞开始发挥作用，即第一代 CAR-T 细胞[20]（如图 1.2B），而第二代和第三代的

















强 CAR-T 的效果[21-24]。 
 
图 1.2 CAR-T 细胞的结构示意图。T 细胞被抗原呈递细胞激活（A），CAR 以
ζ 激活子单元形式提供信号 1（第一代，B），添加一个（第二代，C）或两个
（第三代，D）共刺激因子提供信号 2 导致 T 细胞的完全活化。 
Fig 1.2 Schematic of CAR-T cells. T cells interact with antigen-presenting cells to be 
activated(A), all CARs must provide signal 1 in the form of ζ, activating subunit(first-
generation, B), but the addition of one(second-generation, C) or two(third-generation, 
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